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A complex matter:
Evaluating micro - XRF scanning data of paintings
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Overview
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A This webinar was created in collaboration wit of this webinar will be
the acquisition and data evaluation of micro-XRF scanning data of

paintings.

A Further this year, we will continue discussing the analysis othree-

dimensional objects and the application of micro-XRF on porcelain

and ceramics.
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Art & Conservation Webinar Series
Analysis of non -infinite samples in Cultural Heritage

g,

STADEL

~ Participants % MUSEUM
If you have questions during this webinar, a
please type your questions, thoughts, or comments in the ,,.Amer,,, w ,
Q&A boxand press Send T O Roald Tage
HS Henning Schrader
We ask foryour understanding,if we do not have time to . o
v QA&A "

discuss all comments and questions within the session.

All (0)

Any unanswered questions or comments will be answered

and discussed by email or in another WebEXx session.
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Art & Conservation Webinar Series
The Speakers

>> Michele Gironda >> Mareike Gerken M.A. >> Dr. Roald Tagle
A Head of Global Segment A Application Scientist XMP A Global Manager of Application
Management, Bruker Nano specialized in Cultural Heritage Science,Bruker Nano
Analytics, Milan, Italy Bruker Nano Analytics, Berlin, Analytics, Berlin, Germany

Germany

© 2023 Bruker Innovation with Integrity | |

g,

STADEL
MUSEUM



BRUKER NANO ANALYTICS' CULTURAL HERITAGE WEBINAR SERIES 2024

Evaluating micro-XRF scanning data of paintings
From the analytical question to accurate results

g,
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Analytical MUSEUM

) Sample :

° alw ° Question

Measurement
conditions

Data set

Data mining

Results
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A complex matter
The technology of paintings and their examination

g,

G. B. Cima daConegliano, Virgin and Child c. 15004, Inv. 852

68.0 x 52.7 x 1.7 cm, mixed media on poplar panel, Stadel Museum Frankfurt STADEL
MUSEUM
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A complex matter
The technology of paintings and their examination

r

G. B. Cima daConegliano, Virgin and Child c. 15004, Inv. 852
68.0 x 52.7 x 1.7 cm, mixed media on poplar panel, Stadel Museum Frankfurt . STADEL

MUSEUM
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_¥® an
The M6 JETSTREAM ¥ - (<
Key Features A

A 800 mm x 600 mm scan area 1y
A 30 W Rh tube with polycapillary optic i
A Spot size adaptable to structure size in the range of c. 351 600 um |
A 2x 60 mm2 SDD available I"
A

Patented AMS (Aperture Management System) allows to increase 7

the focal depth of the polycapillary lens by reducing the divergency
of the beam from 30 um/ mm to a minimum of 10 pm/ mm

Sample stage speed up to 100 mm/s

Vertical and horizontal sample analysis option, tilting mechanism for
inclination adjustment

A Ultra Large maps with more than 40 megapixels can be acquired for
single detector and 20 million for dual detector option

A Sophisticated quantitative analysis based on a Fundamental parameter -
calibration (FP) that can be additionally customized using reference materials for type calibration.

A Ultrasonic sensor for non-contact sample protection

>\

He flush option for detecting light elements down to Sodium (Z= 11) with an openbeam system

A Flight case option for transport
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measurement conditions
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From the object to the data
The measurement parameters

Object size

yUghv X" nk
Working time

Total measurement
time

Step size Dwell time

Distance over which the collected data is defined as | Thetimevj cv" vj g" kpuvt wogpv"urgpfu"eqnngevk,

a single spectrum during a sample scan.

Ugogvkogu“"tghgttgf"vg"cl W{}hp\)/(eésrlze bue|[29| aé:h%a}nqeéh)e(z \éaIFL)Je, d\\;vcjellan\wl\/eip?r pixel has the unit
of speed. It is the speed of the Xray beam relative to the sample surface
(i.e. the speed of the measure head of the M6 JETSTREAM or the speed of

the sample stage of the M4 TORNADO).

this term is misleading for on-the-fly measurements.
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From the object to the data
The measurement parameters

Object size

yUghv X" nk
Working time

Total measurement
time

Step size

Dwell time

Should correspond to the size of the object that
wants to be resolved

Tempera painting A 100 to 300 pm
Oil painting A 300 to 800 um
Drawings A 100 to 300 pm

Note: small step size allows to improve statistic by
use of binning

Short (< 10 ms)A main elements and or
elements for which the instrument is sensitive

: Improving the signal
DV\ée” :!me A larger Detector
reduction A 60 mm?

A He flush

<)
BRUKER
(>

Instrumental limit
File size:
Tested over 20Gbytee
Scan dimension:
800 mm x 600 mm
Maximum speed:
100 mm/s
Maximum Acceleration:
200 mm/s2
Spot size:
Starting from <50 pm
Detector
1x or 2x 30/ 60 mm?2 SDD
Spectroscopic resolution:
<145 eV
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Spot size and pixel size (<D
Covering the whole sample area”? Measuring differently structured samples

Typical mode of scanning  Onthe-fly scanning
o0 000 O

. _,\/Q; . )
Map of 10x10 pixels2 5 Spot size ‘ PS

o
A Pixel size = spot size
A Area fully covered

A Pixel size = 2x spot
size A Only half the
sample is mapped

A Pixel size = 10x spot
size A 10 % of the
sample is mapped
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Taking big steps ———— el
Decreasing the step size 12 o
100 pm spot size 2000 um /75 ms 1000 pm /75 ms 400 um /75 ms

T B iy, WERA
e I |

* o BT A P

-

Ele....../...........9%5M8 | 33MB 1911 MB
# of Spectra 21.5 Kk pixel 86.1 k pixel 538.1 k pixel
Total time 0 h 39 min 2 h 15 min 12 h 39 min
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Taking big steps e (<)

Decreasing the step size

1/2 2/5
100 pm spot size 2000 um /75 ms 1000 pm /75 ms

Fie | 9MB 323 MB 1911 MB
# of Spectra 21.5 k pixel 86.1 k pixel 538.1 k pixel
Total time 0 h 39 min 2 h 15 min 12 h 39 min
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Taking big steps e (<)

Decreasing the step size
1/4

100 pm spot size
100 um/ 7.5 ms

Pb

1.4 GB 20.6 GB
# of Spectra 554.4 k pixel 8870.4 k pixel
Total time 2 h 21 min 23 h 15 min
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Taking big steps e (<)

Decreasing the step size

_ 1/4
100 pm spot size

400 um/ 7.5 ms

Pb|| Fe

1.4 GB 20.6 GB
# of Spectra 554.4 Kk pixel 8870.4 k pixel
Total time 2 h 21 min 23 h 15 min
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Taking time (>
Increasing the dwell time

x10
100 pm spot size

400 um/7.5ms

¢ »“

1.4 GB 1.9 GB
# of Spectra 554.4 k pixel 538.1 k pixel
Total time 2 h 21 min 12 h 39 min
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Taking time (>
Increasing the dwell time

S x10
100 pm spot size

400 um/7.5ms

Fe | Mn

1.4 GB 1.9 GB
# of Spectra 554.4 k pixel 538.1 k pixel
Total time 2 h 21 min 12 h 39 min
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C><)
Now the data is there, and the work starts: BRUKER
Data mining. What can be done?

Optimized data
acquisition

Element identification

procedure

v

Auto ID
I

v

OMaxi mum Pi xell 6 spectra

v
Quantification/fitting of the

spectra to identify Element identification

elements present
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Element Identification :
Auto ID

© 2023 Bruker

X-Ray spot size: 100

Analytic Area
Left [mm]:
Top [mm]:
Width [mm]:
Height [mm]:

Image filter

® None
Smooth
Sharpen

QMap resolution

® 1x1 . 4x4
2x2 8x8

Processing time:

Mosaic 10x 100x

P -
-

Measure Points

® [1020 x Save

Yy
pm distance

Sousre

Element filter

e None
Average }_ WCE
Smooth

Automatic

manual

Spectrum Acquire QMap ¥ Quantify ¥ AutoPhase ¥
) » Oxides MG i » Spectrum elements M6 Phases Line scan | Spectrum | Map resuit
* cps/eV
] —Map| _
N o
250
1 = |
200: H F1 F2 F3 F4 F5 F6 F7 F8 He
4 Li Be B CNO F Ne
4 Na Mg Al Si P S Cl Ar
1 K CaSc Ti V CrMnFe Co Ni CuZn GaGe As Se Br Kr
150_‘ Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te 1 Xe
4 Cs Ba La Hf Ta W Re Os Ir Pt AuHg Tl Pb Bi Po At Rn
1 Fr Ra AC ce pr Nd PmSm Eu Gd Tb Dy Ho Er Tm Yb Lu
i Th Pa U Np Pu AmCmBk Cf Es Fm Md No Lr
100 v
J As } 2 A
s EDIT EXCLUDED ELEMENTS X 4
E A
) H He
) Li Be B C N O F Ne ¢
0- : —
15 20 Na Mg Al Si P S Cl Ar 40
» kev K CaSc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
3 Al Prnslan P Results [Mass-%] » Sort: Element Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te 1 Xe
v Map — 9.49 No quant results available. Cs Ba La Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
Fr Ra A ce pr Nd PmSm Eu Gd Tb Dy Ho Er Tm Yb Lu
Th Pa U Np PuAmCmBk Cf Es Fm Md No Lr
"
B o _ s
i Minimum concentration 0.00 %
g No element selected
@
E O
- 3 oK Cancel
i Video 1
—m
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Element Identification :
Auto ID

Mosaic 10x 100x

i

B

X-Ray spot size: 100 v| pm

Analytic Area Measure Points

Left [mm]: 8.06 ® (1020 x Save
Top [mm]: 9.09 y

Width [mm]: 306 pm distance
Height [mm]:

Ssvece

Image filter Element filter

e None e None
Smooth Average |__ =
Sharpen Smooth =

Automatic

QMap resolution

®1x1 o 4x4 manual
2x2 8x8

Processing time

Spectrum Acqui _QMap ¥ Quantify ¥ AutoPhase ¥
» Oxides MG i » Spectrum elements M6 Phases Line scan | Spectrum | Map resuit
' _cps/ev
] — Map| _
q — 4
250
i =
200: H F1 F2 F3 F4 F5 F6 F7 F8 He
Li Be B C N O F Ne
Na Mg Al Si P S Cl Ar
K Ca Sc Ti [¥l] Cr Mn Fe Co Ni Cu Zn Ga Ge As B8 Br Kr
RbSr Y Zr NbMo Tc RuRh Pd AgCd In SnSb Te I Xe
150 Cd CsBa La Hf Ta W Re Os Ir Pt Aufi@ Tl Pb Bi Po At Ri
Hg 3 cr Pb 3 e 5 al : n
Fr Ra Ac ce pr Nd PmSm Eu Gd Tb Dy Ho Er Tm Yb Lu
Th Pa U Np Pu AmCmBk Cf Es Fm Md No Lr
100
Pb : 4
)
A
-
LA =
for—— R
5 10 15 20 25 30 35 40
» keVv
All » Results [Mass-%] » Sort: Element
v Map = 0.17 No quant results available.
i
o
o =
= ;)
=
2 O
| Video 1 Ar-KA + V-KA + Cr-KA + Mn-KA + -
w [ I ] [ [ I ] [ | ] [v [ I ]
4 »
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o . an
Element Identification : (0
Maximum Pixel Spectrum
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